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1.0 Introduction 

The outlays of oonstruotlon Industry represent the most 
considerable part of the Investments used for the systematlo 
increase of capital Investments of the national economy* Whether 
the accumulations available for the national economy In a very 
limited quantity will serve the extended reproduction effectively 
and rapidly Is mostly a function of the efficiency and method of 
the oonstruotlon Industry* Therefore It Is highly important that a 
more profitable production wo\ild be made possible. 

The mode of production In the socialist) Is planned economy 
and that Is why a good knowledge of factors and their relations 
Influencing the development of production Is essential; the two 
latter representing the most Important preliminary conditions for 
a fully conscious scientific planning. A successful planning of 
produotloh has to be based on the analysis, evaluation and prediction 

of all factors of production especially the technical and economical 

[ . 

parameters determining the process of production. The clue to a 
farsighted planning as well as to more scientific political economy j 

Is a continuous analysis of the process of production with the | 

guidance of the economy of production. | 

The economical analysis of production can be done from the 

points of view of the outputs and the Inputs. Output and Input 

are not edways considered as absolute magnitudes but often their 

comparison to each other and to other factors of production are | 

. • , ■ ■ ■ 1 
taken into consideration. ' 

Production as every economic phenomenon Is performed In ' 

the time and the time factor determines the production so much 
that actually production Is understood as production per time; 
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"epeed of production". Moreover, only this concept can be defined 
as adequate for the purposes of economical analysis of production. 

The analysis of speed of production and related parameters Is one 
of the most Important research areas of economy of production. 

The effect of time factor from the aspect of Input Is not of 
less Importance, however, In this case there Is a more Important 
basis for comparison, the expression of Input In function of output 
that Is the category of cost. The magnitude and change of cost Is 
another principal subject of economic analysis. 

The above mentioned two complex fields of economic analysis 
Include a multitude of related factors and their Interrelations. 

Among those stress has to be laid on the composition of productive 
forces which Is a foremost determining factor of the phenomonom 
of both mentioned fields of analysis. The composition of productive 
forces can be expressed by proportions of living labor and materialized 
labor In the cooperating means of production. 

The Instruments of labor for the modern production are machines. 
Now><iJi-dayB the degree of mechanization Is accepted as the most 
oh{iracterlstlc parameter foi* the mode of/ production all over the 
world. Consequently the economic analysis of production has to be 
very particular about mechanization and the related technical and 
economical Interrelations especially In those fields where the 
progress of mechanization thEi.t Is the changes In the composition 
of productive forces was very rapid since a socialist industry has 
been established. As it is known (that) construction industry is the 
most typical one of these fields, mechanization has its effect on 
the speed of production and on the other hand it Influenoes the 
magnitude and composition of input. 
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Another establlehment Includes the well known thesis of 
socialism that mechanization substituting living labor exempts 

I * ' 

laborers from heavy work. < 

Therefore, the economy of mechanization and the related 

I 
1 

technical economical analysis has to be concerned with the 
question, how mechanization effects the speed of production and 
with the outlays made necessary by mechanization, l.e., with cost. 

On<5 former field the actual subject Is the quantity of 
commodities produced In certain time Intervals, generally speaking \ 

the output of mechanized production as subject and goal of analysis, | 

' ’ ' ■ i 

thus the real task of analysis In this relation Is to allocate the j 

capacity of machines and the time. ! 

! 

The second field; the analysis of Inputs of mechanization 
has two dimensions. The analysis has to cover the change of 
proportions of living labor Input and the materialized labor Input. 

The measure of living labor Input Is the working time, so the task 

Is to analyse the allocation of working time connected with | 

I 

mechanization. J 

The analysis of materialized labor Input Is a complex | 

problem. The summarized effect of numerous different factors 

I 

has to be expressed by cost In money terms at the present stage ^ j 

of socialism. Consequently the economy of construction | 

meohanlzatlon has to analyse With the asslstanoe of teohnloal | 

I 

economical analysis as a method of research - the effect { 

of changes in the composition of productive forces caused by 
mechanization on the speed of production, productivity and costs 
in the oonstruotlon Industry. 
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Construction industry Is the one that enjoyed the largest 
scale and the most rapid progress In mechanization among all the 
branches of our Industry since 1946. Unfortunately, however, the 
opportunities provided by mechanization have not been exploited 
successfully enough to the present day. The use of construction 
machinery acquired at great sacrifices did not contribute adequately 
to the decrease of cost of production and similarly failed to raise 
the productivity to a reasonably expectable level. Undoubtedly this 
was partly due to the fact tliat up to now the questions posed by 
the Inter-actlon between i output and mechanization In the construction 
Industry, as well as the problem of complex economic Interpretation 
of related factors and Interrelation^ have been clarified only to 
a small degree. 

There Is a desperate need for a systematized knowledge of 
the most Important economic principles and pertinent economic tools 
of analysis which are neoe^ary In the evaluation of the economical 
character of mechanization. Our mechanization policy consequently 
did not always contribute to the economy at a maximum degree, 
besides the composition of our Industry did not go through the 
changes required by the progressive changes In the composition of 
productive forces. Recently a great many spontaneous and often 
destructive symptoms and opinions appeared about mechanization. 

It Is Indubitable that there exists an objective relation . 
between meclmnlzatlon and the goals of production set forth. 

The aim of this thesis Is to present and summarize general laws 
effecting the use of oonstruotlon machinery and to establish the 
most important theoretloal and in practice realizable and adopt 
able relationships of the technioal-economloal process of 
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mechanization, In order to render possible, by means of already 
existing or herewith obtained parameters certain conclusions relatlwe 
to some of; the guiding principles of the technical development of 
the relation between construction mechanization and the building 
Industry. 


2.0 The Performance of Construction Maohlnes 

Manual work Is dominating yet at most of the oonstruotlon 
and; consequently the capacity of production at present Is a function 
of the number of laborers available, but at some of the leading 
constructions and considering the perspective of progress, the effect 
of mechanized operations In the process of production Is becoming more 
and more determining. 

In order to be able to evaluate this effect we have to know 
which of the oharaoterlstlos are the most significant aspects of 
aptness In the production. 

By the application of oonstruotlon maohlnery a certain quantity 
of products Is produced during a given time Interval. The quantity 
of products produced divided by the time consumed Is equal to the 
output of maohlnes. 

The performance of the machines Is not constant In time but 
It varies In function of same and It's magnitude depends on the 
time interval referred to. Consequently we will arrive to different 
values of performance of a machine when referring to the time of 
operation^ to the whole duratloh of a construction or to a calendar 
year. ^ 


During a given Interval, periods of operation and periods of 
pause can be distinguished. Referring to the operating time 
The performance can 


•top" 


J^jQ.Pxpressed: 
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t 


lop. 


ft 

^op 


Where q^p s qxiantlty produced in the unit of time 
ft ■ Total production 
And referring to the Total time "T^" , 

qt s 

But the quantity produced Is Independent from the time referred to. 
Therefore 


qt 


<lop ^ 
Tt 


Where 




ratio Is the Index of extensive machine utilization 

- V 

denoted by "e". 

The machine performance usually varies during the time of 
operation "qop" may take different values. One of the q^ being 
the maximum attainable performance under the given technical 
circumstances. Therefore It Is customary to express the actual 
performance In function of a prescribed performance where the 
quotient Indicates the Intensive utilization of capacity denoted 


by "I*. 


IqjB, si 
q© 

The product U.ei' Is called machine utilization denoted by 


"g". 


The machine utilization Index "g" shows how the actual 
performance In a given time Interval Is related to the performance 
that could be achieved at full extensive and Intensive utilization. 

The preceedlng paragraphs covered the method of standardization 
of the notion of measures of perfoxmanoe. The system of survey of 

m 
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performance and related oolleotlon of data however differs from this* 

The main cause of the difference In comparison to above 
mentioned Is that the time referred to Is not the precisely definable 
machine operating time but the very uncertain running time. On 
the survey of machine performance the category of performance related 
to the running time can and has to be accepted ao much the more that 
It Is the only measxirable time In connection with machines and also ! 

because the knowledge of running time Is Indispensable for other j 

economical purposes such asu tear and wear and fuel consumption. I 

.The relation of the performance achieved during the running ' 

time qr and the performance norm can be given as follows: | 

Ox* ■ iqo 

In the construction Industry the analyzed Intervale of i 

^ ■ i 

production cannot be confined only to the running time of machines. ! 

i 

A knowledge of performance values of the whole duration of working 

time; namely the average performance of shift hoxirs or working 

days Is also essential. This measure will show the relation how 

the machines fit into the process of production as a whole. I 

• ' ■ ' i 

The fit of the relation can be Indicated by the Index of 
extensive utilization. The actual Indexes of extensive utilization I 

can be expressed by several Interpretations. The most handy and ' 

. i 

common of these Is the praotlce of running hours and shift hours. i 

i 

Number of ininnlng hours ^ I 

Number of shift hours | 

’ i 

The average performance of a machine during the shifts on the i 

site can be given as followel 

• i • • ■ ■ i 

Qo • e.lqo i 

or Introducing e.l - g 
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Where g Is the Index of machine utilization related to the duration 
of shifts. 

Is the most Important general utilization Index namely the 
chief Index of the coordination of the plant, of sound use of 
machines and Indirectly of the efflolenOy of mechanization In aspect 
of decrease of cost and Increase of productivity. This Index Indicates 
that to what extent the living labor employed In the production made ' 
use of the available materialized labor emobodled In the means of 
production. In this comprehension, however, usually not only the 
utilization of single machines but that of a whole set of machines 
has to be calculated. This problem raises the question of the 
summation of modern utilization Indexes which can be done In two 
ways: a) by weighed means or , b) by arithmetical means. As It 
was pointed out above there Is materialized labor embodied In the 
machine and the quantity of this labor Is realized In their value 
(price). The most Important and common property of the machines of 
all types and with all wox^ng conditions Is this value. For the sake 
of economy of production It Is necessary that we would allocate 
economically not only the living but the materialized labor as well. 
Therefore In summing up the utilization Indexes the most Important 
factor Is the amount of materialized labor represented by the given 
Index. 

This weighed utilization Index expresses In these terms the % 
of machine value assisting In the production - the so called active 
machine value would have bsen enough to accoihpllsh the same 
production, at lOC^ utilization. 

It has to be noted that there Is another weighing method used 
in the industry for similar purposes. This method uses the term of 
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working power equivalent for the evaluation and weighing of maohlnea 
as well (see later)* In practice this method can also be used since 
machine value and its working power equivalent are In close relation- 
ship (but theoretically It la not correct). 

g*0 The Factors of the Cost of Construction Mechanization* 

3*1 The Set Up Cost of Construction Machines* 

One of the most significant properties In which construction 
Industry differs from manufacturing Industry Is that while In the 
latter the products are moving from machine to machine during the 
production, In the construction Industry the building Itself Is not 
moving, but the tools (machines) have to change their places from 
bulldlhg to building* This moving, the repeated setups of machines 
certainly cost money and these are Indispensable factors of machine 
cost although It Is very likely and a common mistake to be forgotten* 
The set up costs of the construction machines Includes the following 
elements: 

1. Cost of loading and unloading 
2* Cost of transportation 

3* Cost of mounting and dismounting on the site* 

The set up cost Is oondldered not as absolute amount but as 
specific cost per product unit for the purpose of machine cost 
cliloxilatlons* The set up cost of a machine certainly burdens all 
the products that are produced on the site by the machine* 

The tctal cost of set up (P) therefore burdens the total of 
products produced on the site "Q” hence the specific oo8t(1Sk) related 
to the units of products Is 

f s Forint/ product unit* 

Which means that the specific set up cost Is proportional with the 
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Inverse of the quantity of products produced on one site, l.e. 
with the Inverse of the lot size. 

The lot size of construction can be Increased when the 
production of prefabricated elements Is taken Into consideration 
Instead of the buildings themselves. Naturally the lot size also 
has an upper limit especially In the case of prefabrlcatlon. The 
larger the prefabricating plant Is and the greater the area It serves 
with products, the higher the transportation cost of the products 
will be. Beyond a certain size of area served, or so to say a 
certain quantity of products, the total production cost will not be 
decreased In spite of the decrease In specific set up cost, moreover 
they will be Increased. 

Again It has to be noted that the planning methods of specific 
set up cost used In the practice of our Industry make It difficult 
to evaluate numerically or practically the simple relations mentioned 
above. In the budgets the machine set up cost Is not listed among 
the machine cost but with the other set up cosits of the construction 
condequently the relation of machine cost to the products Is sub- 
stituted by the Indissoluble relation of the total set up cost to the 
value of the construction. 

Relating the machine set up costs and the value of the build- 
ings this way Is a ground for planning uneconomical mechanizations 
especially because the losely planned uncontrollable set up cost 
easily can be changed, moreover Increasing them becomes an Interest 
having their Increasing effect on the price of construction. 

Under such clrcximstances there Is no opportunity to execute 
any eonselous action In the practice of mechanization policy toward 
the goals of diminishing machine set up cost. There Is another 
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regrettable fact to be pointed out about this matter that under 
the present and above described circumstances the actual or 
proper magnitude of the specific machine set up cost Is unknown 
before those In charge moreover It's numerical value le not even 
being studied. 

5.2 The Reproduction Post of Construction Machines. 

The Instruments of labor used In the construction Industry 
are construction machines In Increasing number. The Instruments 

of labor themselveia are also products of earlier labor materialized 

• ■ ^ 

In them. When producing a new product the living labor and the 
materialized labor embbdled In the Instruments of labor are acting 
together. 

A special property of the Instruments of labor Is the fact 
that they will transfer the labor embodied In them gradually In a 
given time to the products. Economically the Instruments of labor 
and so the construction machines differ from each other In two main 
things: In the amount of materialized labor (their value) and In 
the speed they transfer It to the products. ' 

The value and the process of value transfer In the economical 
sense reflects the passive role of Instruments of labor only. 

In aspect of the active role not only value and value transfef 
but the fitness for production and the use value and It's changes of 
the machines are also ^determining factors. Therefore In the valuation 
of machines and In the analysis of the reproduction of their value both 
categories of the values and their changes and Interaction have to 
be expounded. 

It Is known that the machines while In use are subject to material 
and normal wear and tear, the material wear and tear la In connection 
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with the decrease of use value of machines whereas morjaal wear and 
tear or technical absolstt^n Is connected with their value and |. 

necessitates their reproduction. In simple reproduction both use i 

value and value have to be reproduced. j 

But the. two kinds of reproduction costs are significantly | 

I 

different concerning their basis and for further classification | 

their separate discussion Is needed* | 

I 

I . 

3.21 The Reproduction Cost of Use Value rMalntenance Cost. j 

The use value of machines Is foremost a technical economical 

i 

qualitative category. Use value Is the expression Indicating that the j 

t 

machine Is fit to perform certain Jobs. 

Another fact to be taken Into consideration Is that use value 

! 

Is not a constant property In time and while machines are being used j 

It will go through a gradual or an alternative change. The cause 
of this change Is the material wear and tear of the machines* 

But the wear and tear of machines Is not an Irreversable 
process. Theoretically ar^also practically wear and tear can always 
be repaired, parts can be replaced and this way the original properties 
of the machine, It's use value, can be restored. 

. When a machine part Is worn out the process of transferring 
Its value to the product Is completed. In the maintenance (renewal) 
only this specific value has to be reproduced. By the process of the 
production of this value howeyer, It Is not the original value of 
the machine, but It's use value Is being reproduced. Consequently 
machine mali^tenanoe can be regarded as the continuous process of 
use value reproduction of the whole machine through the replacement 
of parts worn out. 
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Naturally, the reproduction of use value creates maintenance 
cost* Since the wear and tear of machines Is a function of working 
time, 'the maintenance costs are also fxmotlon of same. The proper 
technical view of the wear and tear process exposes a continuous 
periodically repeated chain of the maintenance Jobs of different 
magnitudes which comes with the almost constant appearance of the 
maintenance cost related to the working time. 

Unfortunately again this simple and clear understanding of 
maintenance process Is somewhat In contradiction with the present 
practice - namely, because the present bookkeeping arbitrarily takes 
the over ha la away from the row of maintenance Jobe and handles It 
not as cost related to working time but as "renewal part" of the 
annual depreciation. It Is evident that this practice Is 
unjustifiable and also harmful. Unjustifiable because one and the 
greatest time dependent part of the maintenance costs does not depend 
only on the Initial value and a fixed % of It, called the renewal 
fraction. Harmful because for Instance In a case of Increased use of 
the machinery the reproduction of use value would not be covered. 

If for simplicity working time Is taken for the basis of 
relation whloh Is a statistically well definable and plannable 
quantity^ than In a comparative Interval the maintenance cost portion 
that falls to the unit of commodities produced by the machine can be 
expressed In function of the output of the machine and its 
utilization* 

Ky ■ y ^ Porlnt/product unit 
**Ho 

Where 

' M z maintenance cost per working hour 
1 = Intensive utilization Index 
Qo = output norm of machine per unit time. 
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The value of construction machinery Is expressed by the 


necessary labor needed for their reproduction. In the process of 
production this value Is undergoing a two-fold change. 

One of them comes from the fact th?i t the acquisition price of 
a machine under socialist circumstances Is not equal to the 
reproduction cost of same In later years. 

Since the productivity of manufacturing Industry Is Increasing 
permanently the production cost and value are lessening. This 
lessening of value can be the measure for mo mi l.e., 

technical absolttii^n. There Is another way In which machinery loses 
It's value. This comes from the faot that machinery gradually trans- 
fers It's value to the products. 

In simple reproduction the value once already produced cannot 
be lost but It Is always reproduced and In the process of value 
transfer, the transferred value Is being accumulated through 
depreciation. In simple reproduction It Is not the original machine 
value that has to be recovered but only the necessary labor needed 
for manufacturing It aftef "t" time elapsed. 

Depreciation always appears as a distribution of machine value 
In "t" time, usually In the form of annual rate of depreciation. 

"t" - the time l.e. the lifetime of the machine naturally Is 
a very Important factor of this annual depreciation. The amount of 
annual depreciation related to the working hours or to the annual 
magnitude of commodities represents a oonslderable part of the cost. 

The shorter the lifetime Is the higher Is the rate of reproduction 
cost per unit product. 

Since machine's lifetime Is such an Important Influencing factor. 
It has to be calculated by proper methods. 

. • ' 4 :." 
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From the standpoint of reproduction of use value the economic 
limit of keeping the machine In operating condition Is given there 
where the acquisition cost of an Identical new machine will not be 
less than those of the general repair cost of the old machine 
(disregarding from operating costs)* 

Considering that the old machine would be replaced by a 
similar but cheaper one and the time limit when this replacement Is 
economical to be made, then the equation for the old machine's 
lifetime can be written up as follows: 

A (1-p)^ - a J*A 

Whore 

A : acquisition cost of the machine 

p = the annual rate of cost decrease In the manufacturing 
Industry 

s a salvage value rate of old machine 
^8*A 5 salvage value which can be taken constant In time, 

J s the j^ractloe of general repair costs and the original 
acquisition cost* 

Hence 



Figure Ho* 1 explains the relation. 

From the viewpoint of reproduction of the machine value the ' 
transfer of value Is economical to be e-arn'ed on l.e* It 

shoiLld be completed by the time when the average cost of production 
In a process by other available means becomes sufftctenHif Lesi than 
that of by using the given machine for the same purpose any furth^* 
The machine cost Is In function with the lifetime as follows: 
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K - G ^ A/t 

Where 

G s eum of the yeuxi/ set up, operating and maintenance 
oostt; 

A :: acquisition ooet 
t - lifetime of machine 
K s annual machine ooet 

But the average industrial ooet of the yearly product le 
oontinuouely decreasing in time. 


Where 


K. 


KoA-P'/H 


s average cost at t s o 


p's py 0 duct 4 e w=^ yearly cost decrease of related 
construction industry. 

A machine with yearly operating coat (K) should be run in a 
given production process xintll the difference in operating cost and 

the average cost of the given process does not exceed the product 

/ " A •' 

of the norm of the index pf relative Investment effeolenoy^nd the 

acquisition cost of a new machine. In this case clearly 
G A/t - Ko d-p')^ s A[A (l-p)tJ 
which experlitfential equation can be solved for t* 

In the practice of our days the lifetime of machines is 
prescribed by orders Without further investigations. By this 
order, the prescribed lifetime of construction machines is 20 
years and the annual depreciation accordingly le ■^A/20. This 
covers the himple reproduction of machinery and this is the 
foundation for the reproduction costs of machine value. 


OifiFroEM 
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It Is easy to understand that the application of some 
lifetime for all types of machines cannot be correct and the cost 
elements showed on this basis cannot coincide with the real cost^ 
of reproduction. Some deficiency furthermore prevents us from 
getting a true plctwe of actual magnitude of machinery cost and the 
factors Influencing It. In considering vrf these, arrange- 
ments for finding the method of establishing economically Justl- | 

flable norms of machine lifetime should be made. 

The two parts of reproduction costs, the one connected with 
value and the other one connected with use value can be separated 
only by methods of theoretical Investigations. The records of 1 

I 

bookkeeping makes this discretion Impossible. In the practice the | 

depreciation and maintenance costs are realized In their sum only, | 

and In the cost analysis of mechanization they are usually mentioned 
as machine rental cost. 

These cost elements In the rental cost are represented 
as annual or monthly fixed amounts. The reproduction cost during 
the operation of machines Is taken Into consideration as rental I 

cost. Consequently the rental cost should be the right amount to 
cover the reproduction cost of the machinery. j 

For the Investigation of these circumstances, the elements, j 

composition and factors of the rent should be detailed. 1 

The rate of rent Is determined for the whold set of machines ' 

by an almost Identical number and It Is given per month as % of the 1 

. ■ ■ . ■ r 

value and consequently the rent Is represented as monthly cost at ! 

the constructions. But the reproduction of machinery Is paid by the 
investors through the unit prices of the building. The part 
reimbursed in these unit prices natxirally Is proportional to 
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and It cannot be related to the working time of 






gli^fflfig^acHineB'^ the contracting firm and especially not to 


niaoh^ as It burdens the oonstruotlon Industry. 


r;” 


■■' -i- 


-;.4» 


we want to continue coyerlhg the reproduction 
:S;afSn;fiiiisiSf$coire1ireiot^lc^'^^^ monthly'. rents^-ithen.'. the. :rate"bf rent^; 


i'Ak' 


Rented , aiachihefl 




and of y the 


of the JS of 
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i#;v\^l^/^-reproduotlph Xb' "J cerMtt ? , . function of factors, which the fixed 
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If keeping to It, In ease of an unfavorable change In the 
uae of machinery either the cost paid by the Investors will not 
cover the rent, the contracting firm pays (the contracting firm pays 
the difference) or the rent will not cover the reproduction cost 
(rental firm pays the difference) but anyway It Is the construction 
Industry that loses* 

In the practice there Is a system developed that rent Is paid 
by the month and with It, by the shifts worked considering the 
number of shifts worked a day* In the most common one shift 
production, the speolflo rent cost can be expressed as follows: 

“ ~ g* ~ ^Q" = Forlnt/unlt 

Whore 

B - rent^shlft 


5*3 The Wage Cost of Mechanization. 

The operators of construction machines are paid according 

to the output of machine when It Is running and they get hourly 

wage for all the time when the machine Is out of use* Since the 

extensive utilization of machines Is veryJow^ the wage cost of 

machines belongs rather to the latter category and It can be 

regarded as fixed cost per shift* Hence the unit wage cost (m) 

of the product can be expressed approximately as: 

m - ^2 si — Forlnt/unlt 

gqo g 

Where m^ Is the ^fage of an operator per hour* 

5*4 The Cost of Energy Consumption * 

This cost element Is a very small percentage of the machine 
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cost and It mostly proportional with the load of the machine, that 
Is, with the output. This fact permit to consider the energy or 
fuel cost per unit of product as constant: 

L s constant Forlnt/unlt 


4.0 The Cost Functions of Construction Mechanization. 

It refers to all the cost elements discussed above, that their 
magnitudes are stipulated data that comes from orders and norms^ 

(As performance norm, rent, wages, energy norm) and on the other 
hand they are factors In function of construction organization as 
machine utilization and plant size. The total specific machine cost 
Is derived from the sum of these partly varying, partly constant 
factors^ The elements of machine cost can be written up In following 
form - according to the order of their discussion In chapters 
3.1, 3.2, '3.3, 3.4. 

i. Specific set up cost: 


F. 

Q 


Forlnt/imlt 


Specific Reprodu^^on Cost (rent and repair) 

b 

g 


Forlnt/unlt 


Where b s rent burdening one shift (8 hours) per 
production norm. ^ 


3. Specific operating and serving cost 


m' 


g 


Forlnt/unlt 


Where m' “ wages cost per shift (8 hours) per production 
norm. 


4. SPjBolflc fuel or energy cost 
L * Forlnt/unlt 

b and m' are constant for given machines arid given circumstances 


COMEMTIM 
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and having the same denominator they oan be reached using 
(b m') » c. Thus the total unit cost of meoh&nlsatlon takeis 


the form: 



-S-/L 

« g 


which Is a simplified form of the cost function. In the equation 
on the right side, the nominators of the first two members and the 
third member are constants while the amounts In the denominator of 
the first two members are functions of technical and organizational 
orders and parameters. 

The mathematical anology of this cost funptlon Is an equation 
with two variables, describing a surface. (Figure 3). 

This cost function Is an equation that enables us to calculate 
the changes In machine costs covered by any element and to figure 
which parameter has what effect on the total Gtaohlne cost. Accord- 
ing to the theorem of ji^lWAte Invfetments, a small change of machine 
ccst can be expressed as 

. ^ . A Q . Ag 

and thereafter the proper substitutions: 



The partial differential quotients of cost function ^ the so 
called marginal cost'-has an Important role In the cost analysis. 

It reacts to the changes In all the parameters and It shows^whloh 
sections have certain parameters the most determining effect on cost. 

The differential changes of the parameters oan be substituted 
however^ by ^ changes. The results of this substitution Is the 
oost flexibility which tells how much ^ of change of machine cost 
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will follow change of plant size or machine utilization. The 

value of flexibilities denoted by fQ and fg In the equations below 

show the calculation method of flexibility In function of Q* 

fd. . »/% 

and flexibility In function of g 

fg = - SZb i6/s6 

K 

Table I shows the magnitude of relative cost variation In the 


neighborhood of reconstructed utilization Indexes and plant sizes* 

1 % change In plant size and machine utilization respectively as It 
Is clear In given case cause different changes In machine costa. 

Beyond a certain plant size or machine utilization the changes 
In the Independent variables cause a gradually lees and less change 
In machine costs. But under the present circumstances In constructlan 
Industry this sensitiveness of costs In function of the given two 
parameters Is great, which means that a small positive change In 
organization may result In a rather remarkable decrease of cost. 

In connection with this fact there Is another problem that 
has to be solved: how can a certain decrease of cost be reached 
with the least sacrifices required for changing the given parameters? 

It can be shown that a maximum decrease In machine costs In 
function of "<4" and "g" parameters can be obtained If the proportion 
of related parameter Increases Is the same as the proportion of 
differential quotients (marginal costs) thus: 

i. . 

t'* ■ 

On Table I , values are given for different maohlnea* 

In every case It Is shown that at present the possibilities for 
decreasing machine cost are by Improvement of machine utilization. 


f 


K y/i ,i!( ii'.' tj.;u i y ii.-, 
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For practical proof and utilization of relatione revealed In the 
cost function, the average unit cost of the 6 most common machines 
Is calculated In Table I as It was reconstructable from statistics 
of 1953. In calculating the cost, the constants of cost function 
were taken from norms, tariffs and auxiliary resources that Is from 
cost elements fixed for given machines or their use while the 
dependent variables were taken from statistics. The data of Table 
I show very Illustratively what size of cost elements have formed 
the average specific machine cost of the listed machines during the 
time considered and also that what conclusions are allowed by the 
relative cost flexibility quotient and the parameter function of 
maximum cost decrease regarding the given parameters. These 
conclusions point out the fact convincingly that the cost analysis 
applied Is very useful and they also prescribe the principles to be 
followed In mechanization policy. 

6.0 The Economical Limits of Mechanization. 

Since by Introducing the cost function the mechanization costs 
are easily plannable and controllable at any level the question . 
arises: what will be the related limits of machine utilization and 
plant size eit a level demanded for. There are two actual forms In 
which this question appears. 

The first one Is the more simple and general. Known or 
prescribed Is the maximum specific machine cost of the mechanized 
technological process using a given machine. With the knowledge 
of the structure of cost function the solution of the problem is ^ 
actually finding the corresponding par of Q and g by which the 
specific oost "K” is less or equal to a prescribed "K" cost* 

This problem effects the operative application of machine 
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008t calculation so far that a preecrlbed cost limit the minimum 
machine utilization to he preecrlbed Is a function of machine type 
and plant size* 

Different and more complex Is the problem when for fulfilling 
a task a consideration of alternatives is the goal. In this case 
the question Is finding the limit below and above respectively when 
different alternations are the most economical* The known form of 
cost function provides a straight-forward way to solve any of these 
problems* 

Applying the above mentioned considerations a method Is 
provided for_ planning the magnitude of mechanization cost moreover 
the operative planning can be carried out by keeping to 
certain limits the parameters* There stands the question though 
what consideration should be used for calculating the maximum specific 
machine costs for a given machine? Up to now there was no upper 
limit drawn or even calculated for machine costs and this lack also 
hindered the decrease of cost since any single machine cost could 
appear without control or comparison* 

Supposing that ther^ Is an upper limit to machine costs that 
would not be worthwhile cros^^d a knowledge of It for orders and 
setting up norms Is Inevitable. For the examination of this 
problem further analysis of cost and especially of machine cost Is 
necessary* 

Generally mechanization should result In a decrease of living 
and materialized labor Input comparing mechanized production to 
(manual) previous techniques* Mechanization can fulfill this 
task when applied properly by saving more living labor the amount 
of materialized labor used up In the ^product during the process of 
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▼alue transfer. This means that the total of living and 
materialized labor per prpddot unit has to show decreasing 
tendency. Which fact Is the guarantee for the Increase of gross 
productivity. 

It Is Important to noted, that the productiveness of a 
firm Is essentially different from the one discussed above because 
It later will show an Increase only by Jhe decrease of living labor. 
This effect in many cases caused a wrong view at the principles of 
yesterday. Since mechanization as a rule always decreases The labor 
demand of production but It does not mean necessarily an Increase 
In gross productivity especially not when machine utilization Is low. 

The relation can more easily be seen through If we talk about 
the costs of living and materialized labor and demand that the cost 
of living labor should decrease to a greater extent than the cost of 
materialized labor Inor eases as a resxilt of mechanization. Which 
approximately means that mechanization will Increase productivity on 
the national level If and only If It has a decreasing effect on coat. 

In any other case mechanization will only decrease living labor cost 
while the total labor needed In the country at least In a given section 
will Increase. 

What we really want from mechanization Is a decrease of cost 
comparing to the techniques applied previously. If we establish what 


we mean on previous techniques and accepting It, we calculate that 
the cost level that existed up to now, then we require order from the 
mechanization that the machine cost should not exoeed the cost 
calculated this way. In the case of particular construction 
indtifitry/lt seems to be the most advantageous way to take manual work 
as a basis for the comparison. 
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This way we have chosen a method that In applying any machine 
the niaxlmum of Its specific cost, Is expressed by the cost of an 
equivalent manual work. 

Assuming the role of mechanization In socialism generally It 
cannot be said that In every case when mechanization does not need a 
decrease of cost comparing to the cost of manual labor, mechanization 
shoiild be. omitted. The present organization of construction Industry 
and the demand for labor power typical In socialism, obliges us to apply 
machinery at a great extent. Naturally this has an economical limit 
too. As on company level the mechanization of higher cost always 
causes loss so on national level may appear the case when mechanization 
Is not economical « ven though It means a saving In gross labor power. 

The calculation of this maximum cost limit Is as follows: 

The starting point of this oonslderatlon Is that the application 
of machines relieves labor power, which then can be used In another 
field of national economy for production of value and by that Increases 
the total production while on the field mechanized r elated wage costs 
will be saved. In this understanding the machine costs can even 
exceed the wage cost of manual work up the point where they reach 
the new product Value of equivalent manual labor because this Is the 
limit up to which the mechanization Is economical for the national 
economy by saving labor power. 

For the purpose of these calculations the relation to be 
established were between wages, cost of manual labor and the new 
labor product value of the manual labor has to be laid down. 

1. In the construction Industry besides net wages there 
Is 29^ so balled social burden which Includes taxes proportional 
to wages - board and social services; and 59^ so called census- 
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proportional extra cost, which conslete of allowance or travelling 
ooet, cleaning, In many eases education, protective outfit, winter 
complement, etc. These cost elements represent a total of 88^ of 
the wages, from this the factor is 1.88. 

2. The production employees have to produce the production value 

t ' ■ ' ■ 

for the Inproductlve employees - so their wages too. Presuming that 
the wages of inproductlve employees Is 25^ of the total > as an 
Industrial average > the factor related to basic .wages Is 1.25« 

The productive employee has to produce the difference between 
consumption basis and national product, l.e* according to the 
70% of consumption basis repscrlbed by the government program of 1954, 
l/07 of it • which means a factor of 1.43. Since the application of. 
machines always relieves productive employees - multiplying the 
mentioned 3 factors it comes to the conclusion that 1.88 x 1.25 x 
1.43 • Forint 3.35 labor product value falls to 1 Forint netmges 
cost of a productive employee In construction Industry. This number 
which Is a very Interesting data of the national economy from the 
point of mechanization expresses that the saving of manual labor 
time provides Forint 2.35 national production plus product beyond 
every one Forint actual wages saved. 

It Is luiown that application of machines while Increasing 
the productivity on the other hand may also Increase the cost. This 
Increase of cost Is permitted only If balancing this there Is a 
suitable amoflnt of labor power relieved. This means that the appli- 
cation of machines may cause an extra money costy - the so called 
substitution oost In some cases In practice but this substitution, 
cost certainly cannot be of Just any magnitude. The limit for 
substitution cost Is at the level where the costs of mechanization 
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coneume but do not exceed the product value of substituted manual 
labor. 

The maximum of substitution cost Is 2.35 . 280 a 6.80 
presuming that the average wages In construction Industry Is 2.90 
Forint which means that the extra cost of mechanization permit table 
Is 6.80 per substituted one working hour. Up to this limit we can 
still talk of economy of construction Industry In national terms. 

Cost above this limit means lose on the level of company and national, 
economy as well. 

The notice of substitution cost ( opportionlty cost) In the 
national economy has for long been wanted for development of the 
economy of mechanization. 

The fact that figures of machine cost were hard to obtain 
and a certain under ^valuation of the program of cost decrease led | 

to mechanizations applied Immoderately with the motivation that the 
goal of mechanization In construction Industry Is first of all 
decreasing the demand of labor and that such effect of machines can 
only be profitable for the national economy. The Introduction of 
substitution cost points oyi the.t the erroneous understanding of i 

machine application does not necessarily agree with the interest 
of national economy and that the economy of mechanization has to be 

■ ■ t 

^ calculated:; or at least It's upper limit had to be drawn In the 
future. 

Table I contains besides the reconstructed Q values, those j 

mlnlmums of g which Indicate the economical limits for the firm and ! 

for the national economy. j 

■ .. . I 

6.0 Relations Between Mechanization and Productivity. | 

Mechanization, by changing the composition of productive forces | 
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and with that the proportions of the two most Important production 
factors - labor power and Instruments of production as It was pointed 
out earlier, has a double effect: Increases productivity and 
decreases cost. These two effects do not answer the changes in the 
measure of mechanization with the same susceptibility and definiteness* 
Expressing the total Input In the form of living labor (Md) 
and materialized labor (Mn) It can be proved that the productivity 
of living labor (t) In the form of 



Increases more rapidly with the decrease of Me than the productivity 

of the total labor 
T . 

Me Mn 

which Is reciprocal to total costs* 

Consequently when a decrease of Me Is obtained by mechanlza» 
tlon, It's effect will necessarily appear at a greater degree In the 
Increase of productivity than In the decrease of cost* 

This fact makes It possible, moreover, necessary that we 
Involve the analysis of productivity of mechanization Into the 
technical economical analysis of mechanization* There are two main 
fields to be studied: 

1* At what extent. In what function and how will the 
productivity of laborers that Is the productivity of working process 
develop with the application of machines? 

2* How Is the productivity index of the whole firm or 
Industry related to mechanization? 

It Is known that the machine operator Is supplied with machine 
as instrument of production and his productivity Is a function of the 
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equipment. It Is an adjacent Idea that the development of 
productivity In the comparison and valuation of different machines 
should be expressed In function of machines available to use. For 
this purpose an Index of machine supply has to be derived* This 
Index Is called degree of mechanization, denoted by ^ and It's 
dimension Is 

£ = , s -g- . Forlnt/men 

^ number of laborers using it « 

The degree of mechanization lies on a very deep economical ^baels. 
It's magnitude at a given and constant composition of Instruments of 
labor Is proportional with c/v Index of Marx's reproduction scheme. 

In the analysis of productivity of laborers working with 
certain machines In the function of degree of mechanization, Important 
fundamental laws are found. The form of t = f ( &. ) function shows 
that the change of degree of mechanization the machine value per 
person - effects the productivity of laborers. That Is why t s f 
( S- ) function has It's Important economical Interpretation. 

■ Figure No. 4 for Instance shows that t » f ( ^ ) function 
of different concrete mixers used In construction Industry. On the 
mloici'csa. are the machine values the machine operator disposes of and 
the orcft'i'ia'ki indicate the 100^ production per working hour. This 
Empirical relation shows that by Increasing the machine size per 
operator, the productivity Increases first slowly then faster 
then slower again. 

The Increase of degree of mechanization naturally Is the 
most effective and profitable where the Increased productivity 
per machine value per person Is the greatest that Is where 

- vv ' ' “ maximum. 

i ;.v •••.JVV.'- ■ V...' ■■ • ■ . . ' - 
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dt/d^ function, l.e.. Its values have to be Interpreted 
distinctly. It has the Baine: marginal productivity. As long as 
the marginal productivity Is growing, the machine values added 
to Increase of the degree of mechanization, effect the productivity 
positively. Prom the point of productivity the criterion of most | 

economical mechanization Is at the maximum of dt/d£ curve. 

Beyond this point the added machine values will s till Increase the 

in 

productivity at a declining degree. For example'^ the cosCr of concrete 
mixers ohosen^the degree of mechanization was Increased by taking 
machines of Islfigber and higher capacity. Figure 4 shows that from 
the point of productivity Gr 18,000 Forint value, 4.5/^ capacity 
(250 - 275 L) mixer meets the optimum. 

It Is interesting that the practice applying Intuitively the 
law of marginal productivity considered this machine type as the 
most useful and It Is the most common. 

The application of machines effects the productivity of the 

1 

whole production process by changing the average composition of I 

i 

production. This effect Is very Important because It appears within i 

I 

the range of data registered statistically, that Is, It Is based j 

on unanimously plannable and controllable relations. In spite of ' 

\ 

this up to now there was no scientifically based statistical method 
known In the literature or In the practice that would have revealed t 

, r 

the objective relatione between the quality and quantity of 
mechanization and productivity. 

• ’ I 

Our analysis Is Introduced by the following establishments. 

The techniques of construction Industry at Its present stage Is a ^ 
rather mixed manual -mechanical productive process* The operations 
within this process are vertically articulated and a peculiar 
property of this vertloallty Is that the technological process Is 
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serlal with hauling and transportation operations. In the 
mechanization of construction Industry the heavier and labor 
demanding ope rations, mostly auxiliary labor, are mechanized first. 
Most of our construction Industry machinery Is made f/olT substitution 
of auxiliary works. Consequently In the production process of 
substantially unchanged technology the mechanized operations being 
vertically connected with manual labor, the speed of production Is 

I 

still determined by latter. 

Under such circumstances the manual works can be divided Into 
two groups from the point of mechanization, a) labor that can be 
substituted by machines (mostly auxiliary workers), b) labor 
unsubstltutable by machines. The productivity of production process 
will be Increased according to the extent of substitution of labor 
by machines. 

The substitutable labor however, can be substituted bply to 
a certain extent dictated by the given techniques, thtit Is until 
the proportion of substitutable and unsubstltutable labor character- 
istic to given techniques Is reached. 

In order to make It possible to Increase productivity perman- 
ently and without limit, lyls essential to change the technique 
of construction that limits the productivity Increasing effect of 
mechanization through the constant prpportlon of substitutable and 
unsubstltutable labors. The task then Is to Improve techniques, 
apply modern organization Ideas, prefabrlcatlon and modern machinery. 

The next step Is to analyse the mathematical Interpretation 
of this relation. If Uo = number of laborers working In the 
meohanlzed productive process that cannot be substituted on given 

stage and Us • the number of substitutable laborers 

/ ■ 

T a the final product (use value) of given time Interval. 
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then the productivity "t" 

t ■ 3! Porlnt/person 

Mo ^ Mb 

Suppose the c^uentlty of substitutable labor partly or In total will 
be substituted by machinery. For this supposition we also need to 
know, that how many persons labor can be substituted by a machine and 
for that the category of working power equivalent Is Introduced. 

Tjorklng power equivalent Is an Index showing on the basis of a 
comparison, that how many laborers could have done the same Job work- 
ing, the same hours that the machine has completed In certain time. 

With the introduction of working power equivalent a unanimous relation 
Is found between the machines and labor quantity or number of 
laborers substituted. 

The relation between working power equivalent of the machines 
and value of same Individually and generally, leads to an Important 
conclusion. For the expression of this relation a new parameter of 
the machines has to be Introduced - the so-called specific working 
power equivalent **n**, which Is the quotient of working power 
equivalent and machine value, referring either to a single machine 
or to a group of machines, 

n « person/lOOO Forint 

and It tells how many laborers can be substituted by 1000 Forint worth 
of inaohlneB. 

Twenty oonstruotlon machines Were Involved In the analysis of 
this relation. 

A table has been oomplLteted (Table II) for the analysis of the 
relation and the equation of the curve, characteristic to the 
relation also has been established which can be simplified to a 


simple proportionality with a little negligence and In our further 
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t' machine value will relieve 1 laborer (presuming 100^ 
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known that machine value In Itself says little about 
mechanization and for this It cannot be used without 
number of laborers employed with It's opefatl0ni^^^^-^^^^>^ 


accepted parameter for ‘the degree of machine sUpply is 


. the degree :r of mfeohanlzatlon which is also an Index of bompoeitloh of 
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That la how we arrived to the relation between meohanlzatlon and 
productivity. 

The change of productivity la proportional to the change of 
degree of mechanization. The elope of the curve la a function of 
T/G multiplier - the amount of products actually produced. 

In the following paragraphs the main conditions of our 
conclusions are discussed and the modltlcatlon of the relations 
after the release of the abstractions are analysed. 

1. Supposing that the Increase of mechanization Is accompanied 
by a total compliance of the productive forces. That Is the 
substitutable number of laborers determined by the stage of techniques 
Is being relieved by machines tMJlieBs productivity quantitatively and 
qualitatively as well Is fit to the productivity of substituted number, 
so that the machine work will complete the work of the unsubstltuted 


laborers Just as the previous number of substituted laborers. When 
applying this principle we find that there la an optimal proportion 
of machines and operators for every type of machine which provides 
the most efficient condition of the productivity Increase. There 
Is an optimum of degree of mechanization providing this proportion - 
supposing lOQ^ utilization. Optimum because an Increase of mechani- 
zation above the degree determined by compliance with the given 
techniques usually will not Increase the productivity but lessen 
the utilization Index of machinery only. 

2. Our conclusions up to now were* made presuming a 100^ utilize-^ 
tlon. It Is well known that this condition In practice can very 
rarely be provided. The question Is what Is the effect of the fact 
that the machine values applied do not perform 100^ output but only 




pJWJlV.h 

i h ih 
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a "g" portion of It which Is the utilization Index? Naturally 
the decrease of utilization will cause a proportional decrease of 
productivity or what Is the same, the actual working power 
equivalent, l.e., the number of substituted laborers. If "G" 
machine value substitutes "nG" number, at 100^ utilization, then 
at a "g" % utilization It will relieve only g.n.G laborers. Prom 
the point of productivity It can be Interpreted as If a machine 
value multiplied by "g" would only be applied In the production. 

This value differing from nominal machine value Is called active 
machine value. 

S. The methods of Increase of mechanization also have to be 
analyzed. Two extreme cases of It are the following. 

In the first case - the Increase la done by applying universal 
machines of greater and greater value. In this case emphasizing that 
the condition of productive power compliance Is provided by the specific 
working power equivalent will determine the form of t ■ f ( ) curve* 

And the specific working power equivalent at least at the jbeglnnlng 
Increases with the growth of machine and plant size. 

In the other case the number of machines Is Increased. The 
more machine Is applied hoover the less the condition of compliance 
can be kept and the lower the average utilization will be and In 
function of normal degree of mechanization the t - f (£ ) curve 
will be declining. (Flgiire 5). 

An Important final task Is to contour some of the principles 
thAt oome fr6m the revealed relations. First of all It has to be 
pointed out that as the average utilization Index of construction 
machines show the productive forces most efficient compliance from 
the point of productivity Is not provided. A general symptom is the 
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lack of harmony between substitutable and un substitutable opera tioxis. 

Speaking In technical terms the capacity of manual opera tons related 

vertically to mechanized operatons does not reach the capacity 

provided by the machines by far* Under such circumstances, since 

the unfavorable utilization conditions common In the Industry, 

refers to all th^ew machines to be applied, the machine values brought 

into the production at great sacrifices, will be activated only In 

1^4 - Ijtfi rfraotlons and for this In cases of greater mechanization | 

the degree of active mechanization will refnamwlow and the i 

productivity Increase will be very slow* It has to be concluded 

that the adjacent operations of productions, ncuimal operations are 

fit to a muoh lower degree of mechanization Insuring total compliance* 

The organization and technique of construction Industry did 
not follow the speed of machine acquisition and supply* In order 
to provide the groimd for more active mechanization. It Is not the 
mechanization but the possibility for mechanization that has to be - 
Increased. An Increase of degree of machine s "bannot be a goal 
for Itself, and It does not necessarily mean the Increase of 
productivity at all* 

Under present circumstances the Increase of productivity by 

•( 

means of mechanization Is almost exclusively a matter of providing | 

> ■ ' . ' I 

the possibilities of mechanization; that Is a matter of Improving I 

the organization and technical development of the technology of 
construction Industry* i 

For the sake of above mentioned an organization of construction I 
that stands on the ground of optimum compliance of productive forces ^ 
has to be ^applied* When carrying out the operations that were 
planned on this basis, no allowance should be made because of lack 
of laborers;' that would be against the number providing the 
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conditions of compliance. Generally It cannot be permitted that 
for saving a little living labor - a great deal of materialized 
labor would be sacrificed. The means of fight against lack of 
labor power Is not forced mechanization, but the decrease of 
nximber of . simultaneous constructions. That Is how the national 
eoonomy obtains more products because the high degree of mechani- 
zation provides the higher productivity of all the laborers and 
not by having built muoh at a low rate of productivity. 

It Is time that the practice of our construction organization 
will solve the problem of the total compliance of productive forces 
according to the nominal machine supply possibilities and the results 
of this work has to be shown In forms of orders that would contain 
, the minimum number of laborers to work with every machine and 
techniques tbat will make a high utilization possible* 
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* 1. 

RBAABKS TO TiLBLE It 

1. The machine cost of all (except excavators) was higher 
than the cost that the normal laborer needed for completing same 
Job would have been - referring to the utilization and operating 
conditions of 1953. But this comparison does not take the speed 
of work Into consideration. 

2. The "o" value at the^cranes Is memarkably Increased 

by the fact that the norm of operat^oBs Is well below that of the 
machine capacity. 

3. ®n the cases of crane and the mortal mixer the 

cost Is 1.4 - 2.6 times as much as the cost of manual work of the 
same output. The cost function constants are so high that even a 
100 % utilization would mean lees for the firm. 

4. The application of Brunn crane and mortar mixer Is complete 
loss not only on firm but on national economy level as well. The 
eubetltutlon cost of 1 hour Is above 6.80 In both cranes. 

5. The proportional Increase of machine utilization decreases 
the machine cost 2-4 times as much as the Increase of plant size. 

For Inetanoei 1 % Increase In utilization meant 2.75^ decrease of 
machine cost^ flfti case of concrete mixers. wei»e“ between 20^^21^ 
utilization. 

, 6. In the cases of tower crane, Brunn crane, excavators 

and conveyor. It Is enough to Improve the utilization 
whl4S In oases of mixers, the plant size has to be Increased for 
quick decrease of machine cost. ^ 

7. The data, of rows 26 and 27 are correct only at the 
avdragC plalit sizes of 1963(» 
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CONNEC 


No« 

1 

2 

5 
4 

6 
6 
7 


Cement 
VI b 


TABLE II 


IONS BETWEEN THE VALUE AND WORKING POWER EQUIVALENT 
OF MACHINES IN CONSTRUCTION INDUSTRY 


Name of Machine 


Convej^or 6-10 m 
Conveyor 15-20 m 
pump 
ro (I'eve 
Concrete ylbe$rator 
Elevator 

Concrete mixer 150 


Machine 
Value 0 
(1000 Porlrtt) 

12 

50 

15 

24 

10 

55 

17 


8 

M 

* 275 L 

. 22 

14 

9 

II 

“ 375 L 

36 

17 

10 

•1 

" 500 L 

31 

21 

11 

Mortal 

' mixer 150 L 

17 • 

4 

12 

. H 

" 200 L 

35 

6 

13 

H 

“ 325 L 

26 

9 

14 

Mortal 

• pump 3m3/hr. 

23 

9 

15 

H 

" 6m3/Hr. 

28 

18 

16 

Brunn 

crane 

49 

28 

17 

Deck ( 

irane 

19 

10 

18 

Glade c 

ihovel 

25 

18 

19 

Porta] 

. crane 

54 

15 

20 

Tower 

crane 

300 

140 


Working 
Power 
Equlv. N* 
(Person) 

6 

28 
8 
11 
3 
27 
8 


Specific 

Working 

Power 

Equivalent (v>) 

0.5 

0.56 

0.53 

0.46 

0.30 

0.49 

.0.47 

0.63 

0.47 

0.68 

0.24 

0.17 

0.35 

0.39 

0.62 

0.57 

0.52 

0.72 

0.28 

0.47 


/n 


>0M 






Approved For Release 2009/04/29 : CIA-RDP80T00246A009500010001-5 





















Approved For Release 2009/04/29 : CIA-RDP80T00246A009500010001-5 



Approved For Release 2009/04/29 : CIA-RDP80T00246A009500010001-5 



Approved For Release 2009/04/29 : CIA-RDP80T00246A009500010001-5 

. ■ . I . ' ■ ^7 





1. THE GOALS bF MECHANIZATION 


There were many goals of mechanization known In the construction 
Industry mostly as slogans* This situation came from the fact that 
goals and accomplishments were never compared objectively. 


The most frequently emphasized goal of mechanization was that 



mechanization relieves workers from heavy manual work. This Idea 
posed the communist government which acquired the machines as 
benefactors of workers, that led to abuse of equipments and money 
whenever the mechanization did not serve also more realistic purposes* 
A general mistake which arose from this aspect was that workers and 
engineers were Inclined to think In terms of certain single labor 
oonsuming operations trying to replace them by a particular machine 
Instead of trying to replace the whole technological process by a 
more advanced and mechanized one* 

The political economical goal of mechanization was the Increase 
of productivity* It was generally understood that higher productivity 
Is better than lower, no matter by what means It was accomplished, 
and consequently, became one of the most Important Indicators of the 
successf ulnesEi of firms and Industry* This was however, a very 
misleading figure* Disregarding from the common misbelief thet every 
gain In productivity has to be attributed to some sort of mechaniza- 
tion which wa£i naturally not true, the category of product- value was 
a completely Insufficient measure* The Forint-value of construction 
expressed not only the quantity but also the quality of products, 
making every comparison Incoherent* In addition It reflected also 
every Increase In wages and material cost which clearly had nothing ^ 
to do with productivity. The problem of lack of a unique measure 
for product value In construction, hence the correct measure of 
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l8 one of the mosteerious ehortcomlngs In the economics 


of the Industry up to present days. The only way of caloiilatlng 
productivity terras Is that one used In the dissertation, when 
product-value Is expressable by quantities as m^ or ton. These 
quantities cannot be related, however, to end-products, but only 
to certain pliasis of construction works. 

Another general goal set ahead of mechanization was the accel- 
eration Of tne speed of production. Tl^ls goal could be achieved 
naturally only when the mechanization represented Itself a well defined 
technological process, Independent from others, like in the case 
of earth moving and road building machines and prefabrication in 


general. Wh! 
with tradltl 
the latter d 


enever mechanized processes were connected in series 
onal manual production - as it was in all other cases - 
etermlned the speed of productions and machines became 


idle. It . wale frequently told that the expansion of mechanization 


is needed fi! 


weighing 40 


rst of all in order to serve the Interest of the expand- 


ing prefabrljcatlon. Namely the prefabrloatlon was forced by all 
means. The hoisting power was not only the technological advantage 
of prefabrication - the products were almost exclusively reinforced 
concrete elements - but mainly the acute shortage in timber. This 
fact resulted In^credible extremities, for instance the Investments 
and continuous use of cranes capable to hoist prefabricated elements 




tons up to 50 meters high. The increased element 
since the consequence of p'efabrioatlon became enough Justification 
to Invest heavy duty cranes, no matter how their capacity could be 
exploited in time. Thus not the mechanization Itself, but actually 
the advancement in technology did effect the speed of production. 

A pra(itioal goal of mechanization known by the contractors 


nmn 
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was the general presumption that using machines they can substitute 
workmen. It was actually an effort identical with the political 
economionl goal of mechanization but had entirely different roots. 

There was an acute working power shortage in all sections of national 
economy and contractors never had enough workmen needed to fulfill their 
compulsory plans on time. They thought intensive mechanization may 
solve their labor problem and demanded machines in great number. As 
it is shown in the dissertation (chapter 6.0} this demand was based 
on a misbelief because the moderate number of substitutable workers 
at the glvenj generally traditional construction technology, never 
could inflate the number of workers in the other oonnected processes 

either the speed or the productivity of the whole process 


so much that 

could have sl^own conceivable gain. In contrary the attitude of contractorsi 

. • , ■ ■ , ^ ' i 

described above was responsible in first place for the uneconomical j 

over mechanization observable throughout the Industry and appearing | 

in the low machine utilization Indexes and high cost. j 

It was never stated thiit mechanization should or could decrease 
cost. Cost usually did not play a role in considerations concerning 
mechanization. As it is mentioned in the chapters 5.1 - 5.6 of the 
dissertation the actual cost of mechanization was practically not 
controllable. 

2. THE ACTUiUi RESULTS OF MECHANIZATION 


of working a 
capacity and 
all the smal 
were done by 


A. About 40^ of earth moving Jobs was only done by machines. 
The main realon was besides the lack of excavators the fact that the 
size distribiition of exckVa$ore did not match the size distribution 
^teSK There were no small excavators, under 0.5 
multipurpose loading machines available and therefore, 
ler and finishing Jobs, a large quantity in it's sum, 
manual work. 



t 
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B. More than 90?5 of concrete mixing was mechanized. More- 
over a considerable amount of this was produced by central, semi- 
automatic mining plants. The reason of Investing the latter was 
the poeslbllJ.ty of using s elected gravel hence saving some cement, 
that is coal, in which there was always a short supply. Considera- 
tions like this helped to distort In many cases the economic sound- 
ness of InveEitments. A matter of fact, never any of the 10 or 

SO central mixing plants were used with full capacity. In the 
lack of loading equipment the transportation and feeding Jobs at 

(about 800) single concrete mixers were done by manual 
Two or three concrete pumps were used In the whole 
demonstrating purposes. There were experiments with 
floating cement transportation and containerization. 

C. More than 200 mortar mixers were Invested and used, 
usually In connection with mortar pumps of pneumatic or piston 
typo. The mechanization of mortar production In this extent was 
fairly well solved, better for Instance than In Poland or In 
Czechoslovakia. Only the sand transportation and loading remdlnedt 
technologically unsolved. 

D. Hundreds of elevators and cranes. Including about 40 
tower cranes were used mostly for vertical transportation In the 
Industry. With a very few exceptions, none of them was mobile In 
the sense as it Is used In U.S. but they were either fixed on one 
single place (elevators, deck cranes) or on rail (Brunn, tower 
crane). It cun be said that the amount of cranes could satisfy 
the demands for vertical transportation but there was the feeling 
of the need for more tower cranes although their type (U.S.S.R. 
patent) was risgarded obsolete. The reason: tower cranes could do 
loading and certain horlzontqi^Jj^^ansportatlon too. for which no / 


sertaln horlzont^^jtjransportatlon too, for 

Hiii ' 
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machlne existed. As it is known, vertical transportation is only 
a part and rather small part of all the transportation needs around 
a building and therefore all the constructions without tower crane, 
that is the majority of them, were evidently very poorly mechanized* 
Even the tower cranes had the disadvantage of fixed rail and radius, 
thus many of the loading and transportation duties remained beyond 
reach. There was a general shortcoming in mobile cranes and multi- 
purpose loadjng machines mainly because they were not produced at 
that time wi1:hln the soviet block. 

E. Th^ mechanization had undoubtedly a considerable Indirect 
effect on the construction Industry by expanding the possibilities 
of prefabrication. Application of large size panels (up to 2 tons) 
made of concrete or brick, gained place continuously. In industrial 
buildings complete frame structxires were prefabricated, and lifted 




I 


1 


in their position by special cranes. Using traditional materials 
like heavy concrete and brick, and In the lack of new building 
materials, however, the possibilities of mechanization were 
exhausted at this point. (See dissertation chapter 6.0). 

3. THE CQNCTiUSIOMS OF THE 1955 STUDY 

The 3953 study was the first thorough scientific investigation 
of the oircunstances of mechanization in construction industry. 

This fact itself includes a general conclusion: until this time 
every machlno Investment activity was done necessarily in a 
spontaneous, irresponsible way, in the lack of correct data, method 
of analysis and possibility of predictions. 

Other general conclusion of the study was the fact that 


mechanized processes turned out to be more expensive everywher< 
than the oori'espondlng manual processes. The mechanization 
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did not decrease but In the contrary helped to Increase the unit 
cost of constructions* 

Finally It was postulated and later proved that further 
Increase of the degree of mechanization quantitatively and without ' 
favorable change of technology, yields sharply diminishing retxirn 
In productivity* 

More di; tailed major conclusions are as follows: 
a* Set up cost of machines, although operatively neglected, 
represented too high portion of machine cost* This fact can be 

■ t 

contributed to two complementary factors* There were no mobile j 

machines, and the size (lot size) of constructions was unfavorably j 

dispersed* lyiachlne Investments were mostly made evidently with j 

the Incorrect presumption of large-scale Jobs only* i 

b* The system of handling reproduction cost In the construction 

Industry as well as everywhere In communist states was found to be 

. 

In sharp contradiction with the Marxist Interpretation of the value 

theory (Chapters 3.21, 3.22)* In addition the actual methods of 

. ' I 

writing off did not provide sufficient conditions for simple j 

• - ■ . ■ . . ! 

reproduction* j 

c* The machine utilization Index turned out to be the most ; 

, t 

Important parameter In mechanization. It measures both the effective- j 
ness of organization and the level of cost. The Incredible low Industr- 
ial averageei reflect a la^e gap between the capacity of 'connected 
mechanized and manual processes and are responsible mainly for the 
high machine cost (Chapter 4*0)* The basic source of trouble was 
the general dlsproportlonallty between the number of machines and 
number of workmen applied In consecutive operations, due to the 
shortage In labor supply and negligence In organization* The 




, . il- . . . , . ,V , - . 
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It 


cost, a term 


Introduction I of the concept of flexibility In pointing out the 
cost-effect 6t utilization index, and the call for standardized 
ratios In uaii-machlne systems were the most important propositions 
emphasized In the dissertation. 

was necessary to set up cost levels by limit values 
of parameter^, especially that of the utilization Index, above which 
the use of machine could not be regarded Justified economically. It 

' ' rf . 

was a significant conclusion that the wage cost of compared manual works 
was not proppsed to be accepted as single limit, but also substitution 
similar to opportunity cost had to be Introduced to 
enlarge the karglnes of economically sound mechanizations. 

e. The Introduction of the concept of degree of mechanization 
.ng the productivity In function of same - a relation 
jely enough was undiscovered In the whole soviet 
sonomlc literature until this time - provided the most 
icluslons, a new look. Immediately accepted In practice 
as well as In methodology In Hungary. It turned the attention 
generally towards the qualitative factors In technical developments 
and partly cleared the way of the application of econometlrlc methods 
In Investment planning. 

4. OBSERVATIONS OR CONCLUSIONS OMITTED fHOM THE 1955 STUDY FOR 


and expreesl 
which Strang 
dominated ec 
valuable con 


E 


political or other reasons 


The 1955 study was very critical and no observations were 
omitted as far as the facts were concerned because the author was 
personally independent from the Industry. Some oonoluelons, however, 
derived during the analysis were not mentioned In the study because 
of polltlCai and Ideological reasons. 




■ Approved For Release 2009/04/29 : CIA-RDP80T00246A009500010001-5 



% Approved For Release 2009/04/29 : CIA-RDP80T00246A00950001 0001-5 


uorsTOiiflL- 

There was political reasoh not to attack the Hungarian price 
policy, which was found to be completely Inadequate for the analysis 


of economic effects as well as for long run planning. Too law 
wages, artificial raw material prices, too high cost of acquisition 
and maintenance of machinery made every economic comparison lllusonlo 
and created a conflict between the Interest of firms and national 
economy. The firms were only Interested In fulfilling the monthly 
or quarter yearly production plans and reimburse their total cost. 

No productllrity terms and t»B0 level of unit cost was among their 
Incentives. Even the economic thinking and the possibilities of 

analysis were discouraged by party directives concerning plans, 

’ 

saving of labor, timber, coal. Import materials etc. Prices 
t themselves were and could not be regarded as fixed basis for 
economic considerations and without this no Investment policy could 
be worked out. Actually this was the cause why the author had to 
Introduce the concept of ' opportunity cost Into his economic 
comparisons. 

Ideological restrictions were Imposed on the author by the fact 
that Marxist economics does not know cost and production functions 
neilther marginal cost or productivity, regarding latter as a part 
of marginal utility theory, a completely unacceptable thing for 
Mkrxlsm. In a study, however, where not only the facts about cost 
and productivity but also the analysis of mechanism by which 
favorable change can be accomplished was the subject of Investigations^ 
terms like flexibility and marginal productivity had to be used. 

Since no reference was advisable to make to capitalist economics, the 
author developed and used these terms as purely logistic mathematical 




m 
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nus sucoessfully "smuggled'' a complete set of relatively 
Lgles Into the Marxist literature* 


6. NEW OBSERVATIONS OR C0NCLU3I0N8 DEVELOPED SINCE 1955 RELATIVE 


TO THE 1955 STUDY 


The methodology and results of the 1955 study were accepted 


and apprecla 


ted among exedutlves of the Industry and a research 


group was formed In the next year to analyse the statistical data 


of the whole 


eoonometrio methods* 


First 

was made wit 


construction Industry In the past five years by 


time series were calculated and correlation analysis 
hln a large variety of Interrelated factors* One Of 
thels calculations showed a strong correlation between time series 
of the total number of brick layers employeed In the Industry and the 
time series of the weighed average machine utilization Index* This 
result verified the theory Included In Chapter 6*0 of the dissertation 
and the statements made under 3*c of this report* A further proof 
was found and showed the tebhnologloal limitations upon mechanization 
by discovering that the machine utilization Index was declining ihlle 
the degree of mechanization was Increasing dtirlng the five year period* 
In other woxjds, the Increased number of machines was being used In 
This fact also Included the verification of the 
retiarn In productivity as function of mechanization since 
declining utilization Index represent declining active maohlne value 
that Is relatively less substitution for workmen* 

As far as the exact figures of productivity Is concerned, the 
research group could not solve the problem of statistical documentation 
of the correct measure of production but had to rely upon the data 

V 

of Forint values* It was found that productivity was Increasing 


less extent* 
diminishing 


1 
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during the 5 


- 10 - 


year period by about 30%. To find how much of this oould 
be attributed to mechanization and how much wae caused by the Increase 
of the Intensity of manual work, a Cobb-Douglas type production 
function model wae used, 

Where 1 T a Forint value of production per year 

A a Number of productive workers In consecutive 
years. 

B a Active machine value applied In production 
(yearly) 

^ a Elasticity of labor 
1 -pLs Elasticity of mechanization (capital) 

The calculations showed that o<. 0.76 l.e. mechanization 

contributed only 25% In the increase of productivity. A multiple 
correlation analysis resulted about the same figure. Work of the 
group has been discontinued at this point. 

In a parallel program the cost of mechanized mortar mixing 

tatlon was analysed because these processes were found to 
slve by the author. (See Table I and remarks). The 


and transpor 
be too expen 


to stop furt 
As far 


detailed study sustained the results of the dissertation and proposed 


her Investments In this field, 
as the authozyi^nows In the theoretical field of machine 
Investment phllcy and related econometric methods no further refine- 
ment was made neither was necessary In the construction Industry. 
There wae however a certain refinement In data by Introducing more 
realistic price policy In 1958^ and thus the outlook for better 
6 eonoffllo planning will be definitely better In the future. 
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